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PC 6871 David M. Weller 
R. James Cook 
Henry T. Wilkinson 


Method for Screening Bacteria and Application Thereof 
for Field Control of Diseases Caused by 


Gaeumannomyces graminis 


BACKGROUND OF THE INVENTION 


¥ 
4 


\ 


This invention eeittes to and has among its objects the 
isolation, selection, and application of bacteria to control 

in the field diseases caused by Gaeumannomyces graminis in plants, 
such as take~all in wheat and Ophiobolus patch in eure grass. 
Further objects of the invention will be evident from the following 
description wherein in parts and percentages are by weight unless 
otherwise specified. 

Widespread diseases of cereal crops and turf grass are caused by 
the soil-borne fungus Gaeumannomyces graminis (Gg) and result in 
significant economic loss due to reduction in crop yield. Take-all, 
a disease caused by Gaeumannomyces graminis var tritici (Sgt) is a 
severe disease of wheat. Ggt also infects other cereal crops such 
as barley, rye, and oats as well as wild and cultivated grasses. 
Symptoms of wheat take-all include dark longitudinal lesions on 
roots; in severe cases, the entire root may become blackened with 
disease with the fungus migrating to the crown of the wheat plant 
(where the crown Poata originate) and the tillers (stems). Severely 
infected wheat plants are identified in the field by their white heads 
which result when infection of the crown by the fungus cuts off water 


transport to upper plant parts causing the plant to die prematurely. 
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It has been estimated that in the Pacific Northwest (Washington, 


Oregon, and Idaho), an area where wheat is the fourth most important 
irrigated crop, take-all commonly causes a 5-20 percent reduction 

in the yield of wheat. On a world-wide basis, take-all is the 

most important root disease of wheat, causing reduction ine, 

yield in flelds where wheat has been grown on or more years in 


succession. 


Another Gg fungus, Gaeumannomyces graminis var. avenae (Gga), 


‘infects oats and grasses and has been identified as causing 


Ophiobolus patch in turf grasses such as bent grass and 
the like. Gaeumannomyces graminis var graminis (Ggg) infects 
some grasses and has been suggested as causing Brown Sheath 
Rot in rice. 
Control of Gg-caused disease is important to prevent crop 
losses and maintain healthy turf grass. Presently, however, 
control of wheat take-all by fungicides is considered economically 
impractical and Gg-resistant cereal or grass varieties are not known 
in spite of searches over the past 50 years. 
Some natural suppression of Ggt has been found to occur in certain 


circumstances. For example, take~all decline (TAD), a naturai sup- 


_ pression of take-all, develops in soils where Ggt~-susceptible 


cereals have been grown in monoculture for many years. TAD has been 
extensively studied in an attempt to determine what conditions are 
responsible for natural suppression. Theories put forward to explain 

this phenomenon include changes in the microbiogical status of the soil, 
build-up of antagonistic bacteria, changes in the pathogenicity and 
population of the fungus, concentration and form of nitrogen in the 

soil, presence of protective fungi and presence of volatile substances 

such as ethylene in the soil, D. Hornby in “Take-All Decline: A Theorist's 


Paradise, “Soil-borne Plant Pathogens, Ed. B. Schippers and W. Gans, 
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Academic Press, New York (1979) pp 133-156. Kornby reviewed 


these explanations and concluded that no single hypothesis could 
explain take-all decline and that opposing views may be concerned 
with vacious facets of the same complex phenomenon. 

Investigators have carried out two types of studies to assess 
microbial antagonism in the suppression of Ggt. One type of study 
involves the transfer of suppressiveness by incorporating a small 
amount of monoculture wheat-field soil into a take-all conducive 
soil. This procedure has had only partial success. For example, 
when fumigated soil containing added Ggt-inoculum was amended with 
One percent take~all suppressive soil, restoration of antagonistic 
Properties was provided in the greenhouse; however, the same treat- 
ment in fiela plots resulted in only a delay of take-all in the 
first year and suppression in the second year. Plots amended with soil 
from take~all conducive virgin (uncropped) sites did not show take-all 
Suppression until the third year thus demonstrating the difference in 
antagonism between cropped and virgin coils, and the transmissibility 
of a biological factor antagonistic to Ggt in the greenhouse and the 
field (P.J. Shipton et.al., Phytopathology, Volume 63, pp 511-517 
(1973)(Shipton et al.)). In a similar study, 10 percent of a take-all 
suppressive soil from a field cropped 21 consecutive years to wheat 
and a take-all conducive soil were added to fumigated soil, the 
mixtures amended with one percent Ggt-inoculum and planted to wheat. 
After two successive croppings, plants grown in the suppressive soil 
showed suppression of take-all, while plants grown in the conducive 
soil were not protected. The roots of plants grown in the suppressive 
soil had higher numbers of pseudomonads than plants grown in the 
conducive soil, (Weller and Cook, Phytopathology, Volume 71, p. 264 
C1987) )-< These studies indicate that although suppressiveness can be 
transferred, senerese tor of take-all does not occur in the field until 


after the first or second crop year. In addition to not being completely 
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successful, the method of incorporation of monoculture soil to suppress 


take-all is impractical on a commercial basis as it requires the transfer 
of tons of soil to the field plots. 
‘The second type of study of microbial antagonism involves 
the attempt to identify specific Ggt-antagonistic microorganisms 
and transfer these organisms to soil to reproduce suppression. 
Studies of specific Ggt-antagonistic microflora which developed 


in TAD showed that actinomycetes, fungi, and bacteria, especially 


Pseudomonas spp., were found prominent at times (Hornby, p. 151). 


However, not all organisms present in take-all suppressive 

soil were found to suppress take-all. In field trails, only 

one percent of bacteria isolated from TAD soil and added back to 
take-all conducive soil effectively antagonized Ggt (Hornby, petl42)) . 
Shipton et al. developed a pot assay to assess take~all suppression 

by specific microorganisms in the greenhouse. Using this test, Cook 

and Rovira (Soil Biology and Biochemistry, Volume 8, pp. 2692732 

1976) (Cook and Rovira) took candidate isolates of bacteria and 
actimomyces from soil, and from diseased and protected wheat roots 

and tested them as soil treatments to Suppress Ggt. Pure cultures 

of each isolate were grown for 1-2 days in sterile soil and then this 
“soil inoculum" was mixed with potting soil (1 g soil inoculum per 100 

g potting soil). The soil mixture was infested with the take-all fungus 
(0.1 to 0.5 percent (w/w) Ggt. oat-kernel per soil mixture) and planted 
to wheat. Of the isolates tested only eight cultures suppressed take-all 
in the greenhouse. These were identified as Pseudomonas spp. (seven 
were fluorescent). While this work identified bacteria present in TAD 
soil which could impart suppression to wheat seedlings planted in potting 


soil in the greenhouse, no practical treatment for control of take-all in 
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the field was demonstrated or suggested by the researchers. 


An equivalent field treatment by the above method of Cook and 
Rovira would require about 10 tons of the soil inoculum per acre 
mixed 6 inches deep. 
Another complication in finding a biological control 

of Ggt was that other experiments, namely, cereal sequence 
experiments taught away from the use of fluorescent pseudomonads 
to suppress take~all. These studies indicated that fluorescent 
pseudomonads were often only a small fraction of the total 
bacterial antagonists which inhibit Ggt and play little 
or no role in natural suppression of take-all associated 
with take~all decline. (Soil Biology and Biochemistry, 
Volume 13, pp 285-291 (1981)). Thus, although some information 
about the taticence of soil microflora on TAD existed, 
the problem remained of how to screen microorganisms for 
antagonism to Gg~fungus, to select those which would 
provide disease suppression under field conditions and 
to find a practical method of field application. This step 
fron successful antagonism in the greenhouse to success 
in the field is difficult to achieve because in the 
greenhouse, conditions such as soil temperature, soil 
moisture, other plant Aieeace and the like are controlled 
whereas in the field, presence of other disease and microorganisms 
in the soil, cultivation and soil temperature and soil 
moisture very considerably throughout the growing season. 

Furthermore once a field-effective bacteria was selected, 
the problem of an economical and practical method of applying 


the bacteria in a commercial setting remained to be found. 
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SUMMARY OF THE INVENTION 


We have discovered a novel method for screening bacteria 
for selection of bacterial strains which will Suppress (reduce 
the incidence or severity of) diseases caused by the fungus 
Gaeumannomyces Sraminis (Gg) under field conditions and a 
practical and effective method for applying Gg-suppressive 
bacteria in the field to suppress Gg in Gg-susceptible crops or 
grasses in a commercial setting. We have also discovered four 
strains of Pseudomonas fluorescens which are effective 
in suppressing Gaeumannomyces graminis var. tritici (Ggt) 
in field-grown crops and turf grass. 
The screening method comprises: 
1. Isolating strains of potentially Suppressive 
bacteria — ehak is, bacteria having the potential for 
suppressing Gg — from roots of the variety of plant 
to be protected which have been grown in soil amended 
with Gg-fungus; 
2. Subjecting the so-isolated bacteria of step l to 
a first screening in the greenhouse as follows: 
growing plants of the variety to be protected in the greenhouse 
in the presence of the bacteria and in the presence of Gg-inoculum 
having a particle size and concentration such that the bacteria is 
subjected to an inoculum pressure which maximizes the selection of the 
number of strains which have the potential to suppress Gg in the 
field and minimizes the selection of field-ineffective strains; growirg 
control plants as above pieke? choue the addition of bacteria and selecting 
those Reereris which cause bacterial-treated plants to exhibit certain 
defined criteria such as greater height, greater weight or less root 


disease than the control plants. ; 
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3. Subjecting bacteria which suppress Gg in the 


greenhouse to a second screening under field conditions 


as follows: growing in the fieid plants of the variety to 


-be protected in the presence of dSacteria screened in step 


2 and in the presence of Gg-inoculum in a particular 
concentration such that the bacteria is subjected to an inoculum 
pressure which maximizes the selection of the number 

of strains which have the potential to suppress Gg in 

the field and minimizes the selection of field-ineffective 
strains; growing control plants in close proximity to the 
bacterial-treated plants; and selecting those strains of 
bacteria tgs cause plants to exhibit certain defined 
criteria such as greater height or less root disease than 
control plants (plants grown in infested soil without added 
bacteria.) 

Our application procedure to biologically control Gg~ 
caused disease in a commercial setting comprises adding a 
suppressive amount of Gg~-suppressive bacteria to seeds prior to 
planting or applying a drench containing a suppressive amount 
bacteria to growing plants. The former method is the 
only practical method for controlling Gg in small grain 
cereal crops such as wheat, rye, oats, barley and the like 
grown in large commercial fields; the latter method of applica- 
tion is particularly suitable for controlling Gg fungus in short 
stands of plants such as turf grass. 

Objects of this invention are the provision of a means for 
screening bacteria for strains which suppress disease-causing Gy- 
fungus under field conditions and a means for applying Gg-suppressive 
bacteria so as to Pere al disease in the field. The need for a 


biological control of Gg fungus has long been sensed as crop losses 






















+} iy Wi rOehies 7 \y 
4 ’ J 7 -wolia? oe 
_ 
' 3 20 Ig “é. “ 
ye 
if of bos 5 4 
7 7 
a 3 
* 202 2na0e 
” 
I ss veasty. 
ae 
' ¥ ‘ ~ 9 iy 
x, i #23 Iq 
t, 
"i j 7 vi = ia 
‘i 
5 a wi eanet 
i 
ih ' Ll ry ~% “¥ 
i 
\ hog a » ; 96° 7D aritee 
| 7 
| ‘ Ss Tawi? ow sien ly -yotvecs' ey wis 
ti : 7 F 
fie fiozanes 36% bottew feotsonng Elie 
| Ui. vee S280 , 333 ,J60% 0@ Bove oqein Ts 
i eu ian Gotget ait pebind? ‘ee HOD 4 THE RE. 
iW 
i hs esgrul s) gard tdiesnes 10) pe oaine eretonizveq 
il a — 
iH eMtota Ste os dame einaia te 
—_ so i yy 7 7 - 












| a a a 


- - 7g oe 2 1G cece Tvaw wt’s ous ee i hal ae. =swtd 
ee ; 


“ 
a “4” eerie en be nee diitie sh ates ze | 
as swe 






? atwis 8 i 4. 


7% 
- a rv -— 
7 


"hy . 
> biek? 43084 






- oo : 
_ ) : Sva © 'anaya” +> aibaioae wal on b 





- 
td 
62480. gova wf 


ine a 


hie) 





Lt or 






i i* 


oe mat aoa, ” binds y oy wa 





10 


15 


20 


7M 


30 





due to the disease have bren significant and control 
by fungicides impractical. Furthermore, no Gg-resistant 
cereal or grass varieties are presently known. fy 
using the particular procedures and conditions of 
Our screening method, strains of bacteria can be selecte® 
which will suppress Gg fungus in the field. By using our 
application method, Gg-caused disease can be controlled 
in a commereial setting. 

Pricr to our method, both in vitro and in vivo tests 
had been tried to assess field-effectiveness. None were 
completely suceessful, in vitro tests, that is, tests 
of bacteria using standard laboratory paaeerd al procedures, 
were ineffective as no single or combination of phystolog«cal 
or morphological characters of the strains in vitio were shown 
to predict field-effective strains. For example, although 80 
percent of random strains of Pseudomonas fluorescens isolated 
from wheat roots exhibit at least some antibiotic effect against 


the take~all fungus in vitro, most of the isolates gave no 


. biocontrol as a seed treatment in vivo, that is, on living plants. 


In in vivo testing, although the in vivo tests of Cook and Rovira 
identified Ggtrantagonistia bacteria in soils exhibiting 
natural suppression, suck isolates were never shown as 
capable of controlling Ggt in the field, and no method 
of screening for field-effectiveness or application for 
commercial use was disclosed or suggested. As stated previously 
the step from suppression in the greenhouse to control in the 
field is difficult to achieve due to lack of control in the 
field of such variables as soil conditions, soil moisture and 
temperature, Pract disease and the like. By use of the instant 

| 


invention, however, it is possible to assess bacteria for field 
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effectiveness and to apply Gg~-suppressive bacteria 
for control of disease causing Gg-fungus such as take-all 


in wheat, Ophiobolus patch in turf grass and the 


like. 


DESCRIPTION OF THE PREFERRED EMBODIMENTS 


Step 1. Isolation of Strains of Potentially Suppressive Bacteria 
The bacteria te be isolated must have the ability to establish 

and grow in the microhabitat where it 1s to be used to suppress Gg- 

disease causing fungus. The standard procecure is as follows: 

First, the soil in which the bacteriaare to be grown is 
amended with Gg fungus. The preferred method is to amend the 
soil with about 0.1 to 1.0 percent (w/w) Gg inoculum per total 
soil. Inoculum can be prepared using any grain, however oat grains 
are the preferred medium. Other methods known in the art can be 
used to amend the soil such as amendment of the soil with plant 
roots infected with Gg fungus or dilution of the soil with a ARIES 
soil (1:10(w/w)) followed by amendment with 0.1 to 1.0 percent 
(w/w) Gg-colonized oats or the like. 

Next, plants of the variety to be protected from disease- 
causing Gg fungus are propagated in the amended soil. For example, 
where it is desired to isolate bacteria having the potential for 
suppressing wheat take-all in the field, wheat seeds are planted 
in the amended soil. The seeds are allowed to germinate and the 
plants grow for a time and at a temperature suitable for propagating 
the potentially suppressive bacteria, generally, 4 to 8 weeks at 
about 10 to 20 Cc. 

The bacteria are then collected as follows: The provadeeed plants 


are gently removed from the soil and excess soil removed from the roots 
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by shaking. The roots with lesions along with adhering soil 
(rhizosphere soil) are macerated in a mortar and pestle with water 
or suitable buffer such as 0.01 M phosphate buffer. Serial 
dilutions of the homogenate are prepared and plated onto a culture 
medium by standard techniques such as described in Eklund and Lankford, i 
Laboratory Manual for General Microbiology, Prentice-hall, Inc., Engle- 
wood Cliffs, N.J. (1967), pp. 21-27, Next the bacteria are incubated 
for 2 to 5 days at a temperature suitable for bacterial growth, generally 
about 20 to 274C: The bacteria may be grown on a general medium or a 
medium selective to one group of bacteria. Examples of general media 
which propagate a broad number of bactex4® include nutrient broth 
yeast extract agar (NBY), nutrient egar and.the like. An example 
of a selective media is King's medium 'B', (KMB) amended with the 
antibiotics novobiocin, penicillin and cycloheximide which is used 
to detect pseudomonads. 

~ndividual strains (colonies) of the so-propagated bacteria 
from the previous step are individually streaked onto a media <i th 
Suitable for bacterial growth and selected and restreaked until 
each selected strain is pure and stable. Each strain is maintained 
to keep it stable such as by storing on a slant at low temperature, 
(about 5°C), storing in an aqueous solution of glycerol at ~1O°C 
or lyophilizing and storing at elses 
Step 2. Screening of the Bacteria in the Greenhouse 

Bacterial strains isolated in the previous step are subjected 

to a first screening under greenhouse conditions using Gg inoculum 
of a particular particle size and concentration which present the 
bacteria with an inoculum pressure so as tn maximize the number of 
suppressive bacteria which have potential for working under field 
conditions. | 

In this test, plastic, conical-shaped tubes (cones) are used | =. 
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and conduciveness of the soil to the Gg fungus. I» the greenhouse 


as small, slender pots. A 15-cm long cone has been found to be a 
convenient size for the greenhouse work with 1-2 seeds or l cm 7 ea 
diameter plug of grass planted in each cone. The cone is first 
filled about half full with a material such as vermiculite which 
functions to support the soil. Next, Gg-inoculated soil is added 
to the cone. 
Inoculation of the soil is carried out as follows: Gg fungus 
to which suppression is desired is added to the soil as an inocu- 
lum prepared according to the procedure of Reis et al., Phytopatho- 
logy, Volume 72, p. 225 (1982). The inoculum is pulverized and 
seived and the particles mixed with soil at a particular concen- 
tration. The effective ranges of inoculum concentration and 
particle size are those which optimize: the selection of field- 
effective strains and minimize the selection of field-ineffective 
Strains. The concentration of inoculum must be high enough sv that 
sufficient inoculum pressure is placed on the bacterial strain being “2 
tested and strains having little or no suppressive activity are not | | 
selected; conversely, the concentration of inoculum must be low . f 
enough so that it does not over power the suppressive activity of | 
the bacterial strain such that field-effective strain3 are not A 
selected. . poe 
Choice of particle size is determined by similar criteria. 
The particle size of the inoculum must be large enough so that the 
bacterial strain is presented with inoculum pressure preci tent to 
screen out strains having little or no suppressive activity; the 
inoculum size must not be so great that the inoculum over powers 
the strains and field-effective strains are not selected. 
Selection of concentration and size of Gg fungus inoculum | F 


depends on the virulence of the Gg fungus, strength of the inoculum 
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test for cereals, the preferred inoculum concentration range is 
about 0.05 to !.0 percent inoculum per total weight of soil; the 
more preferred range is about 0.15 to 0.45 percent. In the 
greenhouse test for turf grass, the preferred inoculum concen- 
tration range is about 0.5 to 4.0 percent inoculum per total 
weight of soil; the more preferred range is abouc 1 to 3 percent. 
Concentration at either or both ends of the ranges or intermediate 
concentrations can be used in the greenhouse test. The preferred 
range of particle size is about 0.25 to 1 mm. Generally smaller 
ranges of particle size are used such as from about 0.25 to 0.5 mm 
or about 0.5 to 1 mm. However, either size range or any combina- 
tion thereof is encompassed by the invention. 

Bacteria of the strain isolated in step 1 are mixed into 
an aqueous solution of methylcellulose or comparable sticking 
agent, said methylcellulose being present in a concentration 
sufficient to minimize dessication of the bacteria and cause it 
to adhere to the seed or soil, generally about 0.5 to 2 percent 
in water. The bacteria-methylcellulose solution is then either 
added directly to the seeds, incorporated into the soil, or 

drenched onto the turf grass. The concentration of bacteria used 
as a soil treatment in the greenhouse test for suppression of Gg 

in cereals is about 1x10° to 1x10/ bacteria per gram of soil; for 
turf grass, 2 ml of a drench containing about 1x10! to 1x10? bacteria 
per ml is added to a l-cm diameter plug of grass. 

The seed treatment is as follows: first, seede are surface 
sterilized by immersing in a 2.6 percent solution of sodium 
hypochlorite (a 50 percent solution of bleach) for 3 minutes, then 
rinsed under a continuous stream of distilled water ene at least 


3 minutes, and dried overnight under an air stream. Bacterial strains 


cloned Albee Bassi ce Met dseli 




















or 
4 7 


se RGSIE Te eames Lowe Ive on? ,eipeie st tes 
hal tate it ; 


: . > ~4 
0) . tiga, Fe GW tasod * pet o70G O.1 o9 40.0 auedl 
ear wey fh. Y igig @ 1 ae nas oteny: vies 


P . 
I rot ecuodoserg 


, cps: .*s 
e SUAS mse +2 


7 


bas oo no [ioe In atghew 


7 


| aah . iii: li svinssaey” 
eerrers ial 


eh exfe siadsiee <0 


rn Tee 
71m bd eames 


‘ ; , ; - o> eG son 
36S ak é Ie 7 3 


- 


A ? vhas 43 W% u » tone a 


- 


ae 


a 








tt ifte » ‘ Pia, , « s ; . A 7 Z & 
; | 0 ode wileraney’, Tien se hese wile 03 Sree ee 
ye va 
Me P . . a4 , ‘ re 
ti a MEl @ 2% bs ii é fiu Abed er iM 5 5 '?. an fs +s T.0u | >. 
e e 
h 8 
| es. . 
| 14 *ir} he San . 
| ‘ s vs OOD 4 e 4 MY 4A © [4 o7ib § 2 
ie sk — 
it hy ' ° 7 
fi . ss 2 40 1% Love ) ot? neaty ko0G wily thu hetoassl 
i 
5 ! : «= loan " - ° 4 ul a 
A : . regquea Int 246) sivorfpeaty mis cf Jomdeergs lervie BB Ss 
i ae : 2 - a 
£94208 10 SOTy Ihe atisguad ‘Olei es “Ole mucGe et ale aia b 


Catenll 






” . _ 
a » | } nad e o in 4 ' i, ol ‘ - : a 
é O4G 8 . [xf Le Vel Dodie agile laetdus Hse 1 & Jo cod ‘ eT mM ay 
e038 io poly iszemesd wend w de eee: a hate 


shizue ome oboen  Jerlt twuniio® bed el famasnond haven a 


» : aylbow Jo oe he ag 
ia sshd perereen: 


- 
. hols ,2etunioa € ant) inn i os 
‘ Ee 3 oo. ie 3% = 
7 nok a ts ts LLLayth e-aamsre pean smoy 
7 re. 
aninrse iataavani awd e 7 e oes, saeaad . 
: 7, e . _ 


j iam 












10 


15 


20 


25 


produced as described in step 1 are added to a suspension containing / i 
0.5 to 2 percent of a sticky, suspending agent such as methylcellulose 

in water. The seeds PPR EL to the suspension and thoroughly mixed 

so that each seed is coated with about 1 x 107 (xe) 2 oe 108 bacteria per 

seed. The amount of bacteria ae seed is varied within the above 

range depending on whether or not the soil is fumigated (fumigated 


soil is highly conducive to disease compared. to natural soil.) 


._ In general, the preferred amount is about l x 108 bacteria per seed. 


After addition of the seeds or turf grass plug to the ponee » vermi- 
culite is added. Thus, the soil containing the Gg fungus and Cereuen 
which the roots must grow is sandwiched as a layer between two AAT 
of vermiculite. Vermiculite is a preferred rooting medium in the 
greenhouse because of its good drainage characteristics — similar 
to that encountered by roots in the field, however other rooting media 
may be used. 

Next the cones containing bacterial~treated seed, soil, or soil 
drench are moistened with water which moves as a wetting front downward 
through the vermiculite and soil; the cones are incubated using a 


dark/iight cycle of 12 hours. After about 3 to 4 weeks for cereals 


. and 6 to 8 weeks for turf grass, the seedlings are pulled up, washed 


with water and evaluated for size and number of root lesions or amount 
of dry weight against controls which are grown as above except that 
bacteria is not added. Strains which pass the criteria outlined below 
are tested in the field and ineffective strains discarded. To have 
statistical significance, a minimum of 3 cones per treatment must be 


used. 
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Evaluation of Seedlings in Greenhouse Test: 

Cereals: Wheat, barley, rye or oat seedlings treated with 
Gg-suppresive strains of bacteria have fewer root lesions and are 
taller than untreated plants grown in soil infested with the fungus. 
To evaluate bacterial treatment, the plants are measured frrm the 
base of the stem to the tip of the largest leaf. Root disease is 
rated on a 0-5 scale: O = no disease, 1 = one or two lesions on the 
roots of a given plant, 2 = 50-100 percent of the roots of the plant 
with one or Gore lesions each, 3 = all roots of the plant with lesions 
and some evidence of infection of the stem, 4 = lesions abundant and 
beginning to coalesce on the stem, and 5 = plant dead or nearly so. 

In order for a bacterial strain to be considered Suppressive, the seed- 
lings treated with bacteria of the strain must after 3 to 4 weeks growth 
at 10 to 20°C and preferably 15 to 18°¢ average at least 0.3 cm taller 
or average at least 0.5 units less root disease (rating scale 0-5) 

than comparable untreated but diseased seedlings. The preferred 
evaluation procedure in the greenhouse is the root disease rating 
method. 

Grasses: Grass treated with Gg-suppressive strains of 
bacteria have a thicker root system and foliage than untreated 
plants grown in soil infested with the fungus. To evaluate 
bacterial treatments, the dry weights of the washed root system 
or the foliage are determined. In order for the bacterium to be 
considered suppressive, the grass treated with the bacteria must 
after 6 to 8 weeks growth at 10 to 20°C average at least 5 percent 
greater root or foliage dry weight than comparable untreated grass. 
Step 3. Screening the Bacterial Strains in the Field 

Cereals: ‘Bacterial strains which suppress Gg in cereal 
seedlings eee in infested soil in the greenhouse in the previous 
step are next tested in the field as follows: Plots are laid out in 
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& manner suitable for statistical evaluation such as a randomized 
block design or latin Square. Treatment plots consisting of three or 
four 3-meter rows are preferred. The control (non-treatment) plot 
should be within close proximity to the poate treatment plot 
rather than distributed randomly within the block so that treatment 
and non-treatment plots have similar soil conditions, soil moisture. 
and the like. Where three or four 3-meter rows are used, the 
contro] plot should be within about three meters of the treatment 
plot. 

Planting is as follows: Seed furrows ih coanee to about a 10-cm 
depth using a V-shaped cultivator. Gg inoculum is added to the 
furrow. The effective range of concentration of inoculum is that 
which optimizes the selection of field-effective strains and mini- 
mizes the selection of field-ineffective strains. The preferred 
concentration is about 4 to 5 g of inoculum per 3-meter row; the 
more preferred concentration is 4.5 g per 3-meter row. 

It is preferred that the inoculum comprise whole Perners as this size 
readily distributes uniformly under field wind and weather conditions. 
Seed which has been coated with bacteria as described previously 
(treatment plot) is added to the furrow so as to provide a uniform stand 
of crop sufficient to assess the treatment, preferably about 150 to 

250 and preferably 200 plants per 3-meter row (approximately 7 to 7.5 

g of seed per 3-meter row). Control plots are the same as above 

except that the seed is not coated with bacteria. 

Evaluation of cereals in the field test: 

To assess the effect of bacterial seed treatment on the control : 
of Gg-fungus in cereals grown in the field, various measurements are 
taken at intervals throughout the growing season and at maturity. The 
mcasurements include counting the number of plants with severe foliage 


symptoms (plents with one or more flacid, yellow leaves); measuring plant 
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height; counting the number of heads per row; counting the number 
of dead tillers (white heads); determining the amount of root 
infecticn; and determining yield. 
Cereal plants mse in soil infested with a Gg pathogen 
Such as take-all but treated with a Gg-suppressive bacterial 
strain are taller, have more nee yield more, or have less root 
disease compared to untreated, unprotected plants. The plants are 
measured before the heading state; heads are counted during the 
dough stage; and roots are rated during the jointing stage. Root disease 
is assessed on a 0-5 scale: 0 = ny disease, 1 = less than 25 percent ony 
of the roots black, 2 = 25 to 100 percent of the roots black, 3 = 
lesions at the base of the tillers, 4 = lesions moving up the tillers 
and 5 = plants severely stunted or dead. In order for a bacterial strain . ' 
to be considered suppressive to take-all, the plants treated with 
a bacterial strain must average at least 1 cm taller, 5 percent more head, 
5 percent greater yield or 0.1 units less root disease than comparable 
untreated but take~-all infected plants. The preferred evaluation proce- 


dure in the field is height measurement or head count. 


Grasses: Bacterial Strains which Suppress Gg in grass seeclings 
grown in infested soil in the greenhouse in the previous step are tested 
in the field as follows: Plots are laid out in an established lawn 
of grass in a manner suitable for statistical evaluation with control 
(non-treatment) plots adjacent to treatment plots. At least three 
replicates for each are planted. The preferred plc: size is a one meter patch: 
The effective ransenot concentration of inoculum is that which optimizes 
the selection of field-effective strains and minimizes the selection of 
field-ineftective strains. Pee 9 to 1l and more preferably 10 
grams of whole or pulverized oat-kernel inoculum are added per square 


meter of grass. An aqueous suspension of 1x10/ to 1x10? test bacteria 
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per ml in about 0.5 to 2 percent methylcellulose is prepared as a 
soil drench. The drench is added at a concentration of about 1 Liter 
per square meter of grass and watered into the crown area of the grass. 
Alternatively, the bacterial treatment can be applied directly to the 
soil before seeding or sodding. 
Evaluation of grasses in the field test: 

A patch of grass grown in soil infested with a Gg pathogen 
such as Gga but treated with a Gg-suppressive bacterial strain 
is greener and has less areas of dead grass compared to untreated, 
unprotected patches of grass. Disease is assessed by measuring the 
area of the patch that is yellowed, measuring the rate at which 
the edges of the yellowed area continue to expand outward and measuring 
the dry weights of the root systems or foliage (cut grass). In order 
for a bacterial strain to be considered Suppressive to Gg, the treated 
Brass must average at least 5 percent less yellowed area or 5 percent 
more root or foliage dry weight than comparable untreated grass, 
Method of Application of Gg-suppressive Bacteria for control of 
Gg-caused disease in a commercial field. 

Method of Application of Gg-suppressive Bacterium for Control 

of Gg-caused Disease in a Commercial Field. 

One of two methods are used to control Gg in a commercial 
setting depending on whether the field is planted with seed or 
comprises a standing crop. For small grain cereal crops such as 
wheat, oats, rye, barley and the like, which are grown from seed, 
the bacteria must be applied to the seed in a Gg-suppressive amount, 
that is, an amount sufficient to suppress Gg fungus in the field. 
The seed is then planted. For turf grass, where a lawn of grass 
exists, a drench containing a suppressive amount of bacteria is 


applied to the grass. 
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Cereais: Individual strains of bacteria which suppressed Gg 
in the greenhouse and field tests:or other biologically pure strains 
of bacteria shown to suppress Gg fungus in the field are cultured 
by standard methods for about 48 hours prior to treatment to achieve 
sufficient bacteria to treat the seeds. The bacteria are scraped 
into an aqueous suspension of about 0.5 to 2 percent methylcellulose 
and preferably 1 to 1.5 percent methylcellulose. The seeds to be 
treated are added to the Suspension and thcroughly mixed so that 
each seed is coated with about 1 x 107 tor 2x0 108 and preferably 
1 x 108 bacteria per seed. The seeds are dried and clumps of seeds 
are broken up so that they can be sown using a commercial seeder 
Such as a grain drill. 

Treated seeds are sown by conventional means such as a grain drill 
with disk or hoe row openers. By use of the above method, increased 
yields resulting from disease control can be obtained with wheat 
grown in a commercial field containing take-all fungus. 

Turf grass: To suppress the Gg~fungus yan infected patch of 
turf grass or the like where a stand of grass exists, the bacterial 
strain is cultured as described above. Next, the bacteria are 
scraped into a 0.5 to 2 percent and preferably 1 to 1.5 percent 
suspension of methylcellulose (or comparable sticking agent) and 
the concentration is adjusted to between 1 x 10’ and 1 x 109 
bacteria of the strain per ml. Each l m2 area of a lawn is 
treated with about 1 litre of the bacterial treatment. The bacteria can 
be either sprayed-on or drenched in. The treatment is then was!.ed 
into the thatch, Generally about 5 liters of water per m2 is sufficient. 
Grass showing yellowing is treated by this method. In this case, the 
yellowed area and area surrounding the yellowed area is treated. The 
drench can also be es an apparently healthly lawn of grass to 


protect against severe development of disease, particularly when the Gg 
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fungus is thought to be present in the grass, 
EXAMPLES 

The method of the invention is next demonstrated by the 
following illustrative examples. 

Example 1. Isolation of Pseudomonas strains. 

To 500 g of field soil was added 2.5 g of Ggt oat inoculum. 
The mixture was placed in a pot and 6 wheat seeds were sown. 
After six weeks growth, the plants were pulled up and the roots 
Shaken to remove all but the closely adhering soil. One g of 
roots and adhering soil were macerated in a mortar and pestle 
with 1 ml of 0.01 M phosphate buffer (pH 7.2). The macerate 
was made up to 100 ml with buffer. Serial dilutions of 1x10"! 
1x1072, 1x1072, 1x1072 and 1x107¢ were inoculated onto plates of 
King's medium "Bt, (Proteose peptone, 20 g; glycerol, 10 ml; 
KoHPO,, 1.5 g; MgSO, , Lao) e:) agar, 159; H»0, 1000 ml) and 
King's medium 'B’ (KMB) amended with 45 ug/ml of novobtocin 
and penicillin and 75 ug/ml of cycloheximide and grown at 
25°C for 4 days. Fluorescent pseudomonads were identified 
by viewing the plates under ultraviolet light after 2 days of 
incubation at 25 C. 

Example 2, Propagation of a pure culture of individual strains 
of bacteria. 

Individual colonies from the macerated roots which developed 
in Example 1 were sampled with a loop oe streaked onto a plate 
of Nutrient Broth Yeast Extract Medium (NBY)(Bacto-nutrient broth, 
8 g; Bacto-yeast @x°Tact, 12.0; KjHPO,, A783 KH PO), Weep Tr MgSO,° 
7H50, 0.25g; glucose, 5 escent 15 g; H,0, 1009 ml). The plate 


was streaked so as to generate single colonies. The plate was 
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cultured at 25°C for 2 days. A single colony was again selected 
and streaked onto a slant of NBY and used as a pure culture. 
Each strain was stored on a Slant of NBY at 5°C, in a solution of 
40 percent glycerol at -10°¢C and lyophilized and stored at ~10 C. 
Example 3. Greenhouse screening test using bacterial-treated seeds 
to suppress take-all in wheat. 

a- Preparation of Ggt-inoculated soil. Isolates of G. graminis 
var tritici were started from single ascospores from the roots of 
diseased wheat plants. The isolates were maintained on fifth-strength 


potato dextrose agar (PDA) (potato, 40g; glucose, 4g; agar, 18g; H50, 


©1000 ml). To prepare inoculum, an isolate wag grown for 5-7 days on 


PDA in petri plates and then transferred as mycelium and accompanying 
medium to a wide-mcuth flask (1000 ml) containing autoclaved oat kernels. 
Two hundred fifty cc of oat kernels per jar plus 120 ml of water were 
autoclaved a 121 °c for 90 min on each of two consecutive days. The 

jars were incubated at 25°C until the fungus had colonized the oat 
kernels (about 3-4 weeks). The jars were shaken once during the incuba- 
tion period. After colonization, the kernels were removed from the 

jars, dried at room temperature, and stored in paper bags until use, 

The inoculum was pulverized using a Waring blendor and seived to obtain 
particles 0.25 to 0.5 mm in size (size C). Each of the inoculums was 
intimately mixed with field soil (fumigated Shano silt loam or non- 
fumigated Puget silt loan) at two concentration levels—- 0.45 percent 
and 0.15 percent inoculum per total weight of soil. 

b. Preparation of bacterial~treated seeds. Wheat seeds were 
surfaced sterilized by immersing in a 2.6 percent solution of sodium 
hypochlorite for 3 minutes following by a 3-minute rinse under a 
Saat stream of sterile, distilled water and drying overnight 


under an air stream. Strains NRRL B-15132, NRRL B-15133, NRRL B-15134 


-20~ 
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and NRRL B-15135, prepared according to Examples 1 and 2, were 

treated as follows: each strain was individually scraped from 

the plates with a glass rod into a suspension of 1.0 percent 
methylcellulose, and thoroughly mixed with wheat seeds (four plates 

of bacteria per 25 ml methylcellulose Beier otore? 50 g of seed). 
Coated seeds were distributed as a thin layer into petri plates, dried 
overnight under an airstream and separated prior to planting. Seeds 
contained 1x10? to 2x108 bacteria per seed. 


c. Greenhouse test using bacterial-treated seeds. Each test 


bacterial strain and control (seed treated identically to the bacterial- 


treated seed except that only methylcellulose was added) was treated 
as eat oore 

Fifteen-cm-long plastic conical-shaped tubes (cones) were filled 
about half-full with vermiculite followed by 5 g of Ggt-inoculated 
soil prepared as described above which contained 0.15 or 0.45 percent 
(w/w) of size C inoculum. Two seeds treated as iescribed above were 
placed on the soil and a 2-cm thick topping of vermiculite placed on 
top. Ten ml of water was added. The cones were incubated at 15-18 C 
for 4 weeks using a dazk/light cycle of 12 hours. Ten cones were used 
for each test strain and control. After incubation, peed tines were 
removed from the soil, washed with water and evaluated on the basis 
of height and the size and number of root lesions using the followiag 
criteria: The plants were measured from the base of the stem to the 
top of the largest leaf. Root disease was rated on a 0-5 scale: 
0 = no disease, 1 = one or two lesions on the roots of a given plant, 
2 = 50-100 percent of the roots of the plant with one or more lesions 
each, 3 = all roots of the plant with lesions and some evidence of 
infection on the stem, 4 = lesions abundant and beginning to coalesce 


on the stem, and 5 = plant dead or nearly so. In order for the 
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bacterial strain to be considered suppressive to take~all, the seedlings 
treated with the bacteria must have averaged at least 0.3 cm taller 

or averaged at least 0.5 units less root disease (rating scale 0-5} 

than comparable untreated but diseased seedlings. 


The results are tabulated in the following table: 
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Example 4. Greenhouse screening of bacteria using bacterial-treated 
soil to suppress take~all in wheat. 

“seudomonas strains NRRL B-15132 and NRRL B-15134 were isolated 
and propagated as described in Examples 1 and 2, The bacteria were 
suspended in 1.5 percent methylcellulose. Soil (Ritzville silt loan, 
fumigated) was amended with Get oat inoculum (size C and size B (0.5 
to 1 mm) at a concentration level of 0.45 percent per total weight of 
soil) as described in Example 3. Controls consisted of soil with 
methylcellulose (control) and soil with methylcellulose plus Ggt inoculum 
(Control + Ggt). Cones were prepared and planted as described in Example 
3. Each cone contained 5x10° bacteria per gram of soil. Two wheat seeds 
were plated per cone. Plants were measured four weeks after planting. 
The results are tabulated below: 


Suppression of take~all by bacteria added to the soil 


ee ee 














Plant 
Treatment Height, cm 
Strain NRRL B-15132 21.7 Be 


Strains NRRL B-15132 + NRRL B-151342 2 
Strain NRRL B-15134 l 
Control + Ggt 15 
Control 2 


'Means in the same column followed by the same letter 
are not significantly different using the least signi- 
ficant difference, P = 0.05. 


bequal amounts. 
Example 5. Field screening test of bacteria to suppress take-all 
in wheat. 

Pseudomonas strain NRRL B-15132, NRRL B~15132 combined with 
NRRL B-15134, and two controls, one with Ggt-oat inoculum added to 


the furrow (Control & Ggt) and one without Ggt added to furrow (Control) 


were field tested in Mount Vernon, Washington as follows: 
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Three 3-meter ar for each treatment were laid out in a Latin square 
design. The test strain wag within three meters of each control. 
Strains B-15132 and NRRL B-15134 were isolated and propagated as 

in Examples 1 and 2, respectively. 

5 Bacteria in a one percent suspension of methylcellulose was 
applied to Fielder wheat seed as detailed in Exemple 3b. Non- 
bacterized seed received treatment with methylcellulose only. Ggt 
oat inoculum (as whole oat kernels) was prepared according to 
Example 3a except that it was not pulverized or seived. 

10 Seed furrows were opened to a 10-cm depth. To the bacterial 
treatment and control + Ggt treatment rows were added Ggt oat- 
kernel inoculum at a rate of 5 g per 3-meter row. 7.5 g of 
bacterial-treated seed were sown per 3-meter row. Control seed 
(7.5 g per 3-meter row) was sown in furrows without oat inoculun. 

15 Firere rive days after planting, plants were measured from the soil 
surface to the tip of the longest leaf. Measurements were made on 
two rows per treatment replication. Wheat heads were counted after 


83 days after planting. The data its tabulated below:. 
= ee eee ee eee 








Plant Number of 
20 Treatment Height, cm Heads 
ee ea Ss al sl ag ar Me 
Strain NRRL B-15132 54 Be 258 Be 
Control + Ggt DUsC 21 eG 
Control 68 A 452 A 
Strains NRRL B-15132 & B-15134° 52 p& 257 Ba 
25 Control & Ggt DULG 209 Cc 
Control 68 A 452 A 





8Means followed by the same letter are not significantly different, 
P=0.05, according to the least significant difference. 
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Example 6. Use of strain NRRL B-15132 tc suppress take~all in a 
commercial wheat field. 

Pocudononaa strain NRRL B-15132 was isolated and propagated 
as described in Examples 1 and 2. Bacteria in a suspension of 
1 percent methycellulose was applied to Daws eae seed as des- 
cribed in Example 3b. The control consisted of wheat seed treated 
with methylcellulose only. 

The commercial field used had been cropped to wheat under 
pivot irrigation the three previous years and was naturally infested 
with take-all. In the fourth yeasr, bacterial-treated and control 
seed were each drilled into a 6-row, 300-foot long section selected 
due to aya of take-all in the previous years. Paired 
plots of treated and untreated wheat were compared to give a statis- 
tical comparison. Treatment resulted in a 21 percent increase in 
yield. The data is tabulated in the following table: 


aac SO Oe pe ewe d-eewscs-ton Sesne oes ingone san ogs 


Treatment Bushels/Acre — 


== 





Strain NRRL B-15132 109 B4 
Control 90 A 





-_—_—_— 


4vMeans followed by the same letter are not significantly different, 
P#0.05. 

Example 7. Greenhouse screening test using a bacterial drench to 
control Gga in turf grass. 

a) Preparation of Gga inoculated soil. Gga oat kernel inoculun 

is prepared as described in Example 3a. The inoculum is pulverized 
using a Waring blendor and seived to obtain particles 0.25 to 0.5 m 
in size (size C) and 0.5 to 1 mm in size (size B). Each of the 


inoculums is mixed with field soil, (fumigated Shano silt loam or 
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non-fumigated Puget silt loam) at two concentrations 3 percent 
and 1 percent per total weight of soil. 
Dd) Preparation of the turf-grass drench. Bacteria of strains NRRL 
B-15132, NRRL B-15133, NRRL B-15134 and NRRL B-15135, prepared 
according to Example 2 are scraped from the plates with : glass 
rod into individual suspensions of 1.5 percent methylcellulose and the 
suspensions are thoroughly mixed. Each suspeasion is adjusted to 
a concentration of 1x10/ to 1x20? Reever ia cee ml and used as a 
soil drench. 
c) Greenhouse test using a turf-grass drench. The cones are prepared 
as previously described in Example 3c with the following exceptions: 
Tne 5 g of Gga inoculated soil contains 1.0 percent and 3.0 percent 
(w/w) of inoculum of B size or C size. A 1 cm diameter plug of bent 
grass is added to each cone. Vermiculite is added up to the edge of 
the top of the plug. Two ml of the bacterial suspension (turf grass 
drench) is added, followed by 8 ml of water. The cones are incubated 
at 15-18 “¢ for 8 weeks with Beate Vient cycle of 12 hr. Ten cones are 
used for each test bacterial strains and the controls. After incubation 
the grass is removed, washed with water and evaluated on the basis of 
dry weight of the roots and leaves. In order for the bacteria to be 
considered suppressive to Gga, the grass treated with the bacteria 
must have an average of 3 percent greater root or foliage dry weight 
than comparable untreated but diseased grass. 
Example 8. Field screening test of bacteria to suppress Ophiobolus 
patch in turf grass. 

Pseudomonas strains NRRL B-15132 and NRRL B-15133 are field 
tested as follows: A 7m by 7m lawn of bent grass is inoculated 
with Gga by removing the grass as sod and adding oat grain inoculum 
(pulverized, mixed sizes) preoche surface of the soil. Approximately 
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10 g of inoculum is added to each Square meter of soil. After ino- 
culation, the grass is resodded. Each m2 area constitutes a 
Single treatment. The bacterial drench is prepared as detailed in 
Example 7b. Non-treated grass receives a drench of only methylcellulose. 
5 The bacterial drench is added at l litre per 1 m2 followed by 5 liters 
of water. Each treatment is rated on the basis of the area of yellowed 
grass or dry weight. To be considered Suppressive to Gga, the treated 
grass must average at least 5 percent less yellowed area or the average 
at least 5 percent greater root or foliage dry weight. 
10 Example 9. Use of Strains NRRL B-15132 and NRRL B-15133 to control 
BOchiobol te patch in the field. 
The bacterial drench prepared as previously described is added 
to an establisned golf putting green of bent grass that is showing 
symptoms of the disease Ophiobolus patch. The bacterial drench is 
US applied using a Hudson Knapsak sprayer at the first appearance of 
yellowing of the grass. The treatment rate is about 1 liter of drench 
per m2 of lawn. The ycoliowed area is treated and the area l m:ter 4 
in diameter around the yellowed spat is also treated. After treatment 
the golf green is irrigated for 1 nour. 
20 It is understood that the foregoing detailed description is given 
merely by way cf illustration and that modification and variations may 


be made within, without departing from the spirit and scope of the 


inventicn. 


<28- 


Pe ED a INT ee an an PN ENE TON eae Te ONT Eee ee OR ea 















| 1 ‘= 
i - wy 
i it. 9ee z 


fi 7 
™- se —_ 
*, a 





i‘ 
, 7 

. 3A .ide8 Yo 3934 ' dose od bebbe of mofooont ta 9G) 
i} oe 414 Fae - t 
i te luIIFanos $042 -hobbeusa of ennze add ,nobigtac 
i} : aoe 
iI ‘ ) - 3a¢ . * oe: tet ’ ? : 

: {aq 34 Lia2sed . .2iewjaazs elfgate 
Ny 1. Se" 
i ~) ’ a a ; 4 a> i or “ . 4 lon 2.4 
iH + o le 764d 
i 
i pits / 7 “a 
} wi te } t ai ye 1 aed wise We 
1) ; : = 
, 
| S = 
i . : , v © stare 5 
ij ™- : eo 
i ' : ' Jabal or rey, chery 
i a 

_ 


H ( fo’ : 19 1 - fooal 
a) 


t 
- » as %) 6 ¥ siquas? ari 






: a 
é * , % & at ia bdted 


7 














a ’ jacisat eh 










vclsaszeulli to tat ve 









! ’ 5 - , . 
\ af. °o \a38 4 jLilaa on? aot} so laiszcsd yu 5 ie ,ridaiw ola. 





4 ul ian nk 


~<a 


- 





ABSTRACT 


A method for screening bacteria to selec: strains which will 


Suppress diseases caused by the fungus Gaeumannomyces graminis 


(Gg) under field conditions and a method for applving field- 
Suppressive bacteria to Suppress Gg in a commercial setting. 
=) Four fluorescens Pseudomonas Strains are disclosed which are 


effective in Suppressing take-all in wheat. 


Preceding page blank — 


hie Sed Salt Me aah lt akc BN ae Paola Si lid ee a a nt 8 te 






\\¥ folie eolatza 396lun c2 sliejand sabweetsé 20P tedsee A 






7 
i} ee 

i itleeis se>yeniitgmoes) evenod ofd Yd beepes eegaueli @ ve 
i : — eae - aati, A em aga: — wiry 7” 
it ia 
i ~! 15 pA ky iqge« wel b6:l;08 4 bi ecotitbeos Algiz ohare (99) 

Mt — 

| : . 7 
acizisa [els teedes a ol 22 gadtaqua’ ad eizassed ovteamagqur _ 
! 139 - : > 
fl fin A w Sbeciosalt o24 edlavie eence@obusss gaggees toot 
i sencrobuss' roe 
i - Ja> 
’ 


————— 


-2agiy oO] (| la~saed giloee pique ai 





SSE 

















